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1. INTRODUCTION

Thisreport summarizes 200811 efforts to gather data and continue information support for
groundwater management in the Wiscoresgntral sands. Tleeffortssupplement the previous more in
depth work of Clancy et al2009 in the Little Plover River areand that of Kraft et al. (2010) and Kraft
et al. (2012) in the broader central sands region. Previous works summarized important hydrologic
literature on the central sands, created groundwater flow models, and statistically analyzed records for
signs ofpumping diversions and drawdowns. They concluded that groundwater pumping in the central
sands was having a substantial i mpact on the regi

TheWisconsin entralsands isan extensive, though loosedgfined, regiorcharacterized by a
thick (often >100 ff) mantle ofcoarsegrained sedimentverlying low permeability rock, and landforms
comprising outwash plains and terminal moraine complexes associated with the Wisconsin Glaciation.
This and the previous work pamlarly addresses the region between the headwater streams of the Fox
Wolf Basin and those of the Central Wisconsin Basin, which contain some 83 lakes (> 12 ha) and over

600 miesof headwater streams in close proximity to a great density of high capadigyFigurel-1

and1-2).
The central sands contains Wi scowthaoudtZ0 gr eat es
in the five counties that this study area overldpgtre 13) . Twenty percent of Wis

groundwater pumping occurs withinet three central sands counties of Portage, Waushara, and Adams.
Most (about 8%, Buchwald2009 is for irrigation. Other uses (municipal, industrial) are small and
limited geographically, but can be locally significant (Clancy et al. 20@8pwth inhigh capacity
irrigation well numbers and groundwater pumping has been rapid, minimally controlled, and mainly
without regard for impacts on lake and stream resources. This growth mirrors increases in irrigated
farmland (USDA NASS 2008 and others).

Lakelevels, groundwater levels, and streamflows in the Wisconsin Central Samedsdeav
depressed in many recent years, greatly so in areas with Emgigies of high capacity wellg-or
instance, Long Lake near Plainfield, which in recent times coveradréS and had a typical depth of
about 10 feet, was near dry to dry in 2109, and even the very large rains in 2Q001 restored only
a few feet of water. Low lake levels have provoked winter fish kills on Pickerel Lake2B006 Wolf
Lake CountyPark in Portage County has had its swimming beach closed due to low water levels for most
of the last 810 years. The Little Plover River, which formerly (19B887) discharged at a mean of 10
and a onalay minimum of 3.9 cubic feet per second (cfs) (HwdRoad gauge), flowed mostly at less

than the former minimum and dried in stretches between 2005 and 2009.



Figure 1-1. The Wisconsin central sands regio
with selectedmunicipalities and roads.
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Figure 1-2. Hydrography of the Wisconsincentral
sands region.
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Figure 1-3. Locations of high capacity wells.



Objectives of this effort andbrief description of how objectives were addressed

The goal of this proposed project was to continue information support for management activities
concerning groundwater pumping and its impacts on surface waters in the Wisconsin central sands.

Specificobjectives were to:

1. Resume periodic (monthly to bimonthly) measurements of baseflow discharges on select streams.

Discharge measurements resume8lattations, amonthlyto bimonthlyfrequencies. These are
appended as electronic media in a spreadsheet ef@l&dm Central WI. Rivershru Sept. 201XIsx0
and have also been uploaded to the USGS for archiving. Data are summarized irSchgdéronally,
groundwater elevation @asurements were made3aites USGS Belmont (44195808918360), USGS
Belmont Cty Rd D (44190008916450anhd UWSHNelsonville (44312608917420ahd uploaded to
USGS.

2. Compile newly generated groundwater and lake level data into databases alopgewitusly
gathered data; examine for potential trends.

Compiled lake level data are appended as electronic media with this report in a spreadsheét entitlede
LevelDataUp d at e d t oTrehdsIn1SGSImenitaring well and in lake data are examined in
Chapters 4 and 5.

3. Estimate irrigation rates for crops grown in central Wisconsin for&@@u09, and 2A.0.
Rate estimation idiscussed in Chapter

4. Revamp and monitor a historizoundwater level monitoring welUSGS site no. 443127089174)01
at Nelsonville; upload measurements to USGS.

A replacement well was constructed, asudnented in Appendix A. The new wellilsSGS
443126089174201, PZ4/10E/281487. (http://waterdata.usgs.gov/nwis/inventory?agency_code=
USGS&site_no443126089174201) Was constructed to give almost identical groundwater elevation
data as the well it replaced.

5. Run existing groundwater flow models to meet WDNR staff and stakeinédaaration needs; modify
models as needed.

Flow models were run to support a publication in Ground Water Journal (Kraft et al. 2012), the Little
Plover Workgroup, the University of Wiscondiadison WISA Central Sands Collaboration, and the
efforts of bcal governments.

6. Extend the existing central sands flow model to adjacent areas where large densities of high capacity
wells have proliferated; and use it to assess potential impacts on surface waters.

3



Theextendednodel was completeaind is documerd inAppendix B.

7. Assemble and provide interpretation, as needed, of precipitati@am discharge data, and
groundwater elevation.

These data are discussed in chapteBs and 4.



2. WEATHER AND HYDROLOGIC CONDITIONS FOR 20092011

Summary

Year 2009 precipitation was about average for Stevens Point, Hancock, and Wauto?dd.0
was notably wet, by 6.5 to 10isabove average, depending on station. Year 2011 was also wetter than
average by 2.1h at Stevens Point and Sriat Wautoma, buaverage at Hancock. The greater
precipitation amounts in 2010 and 2011 are important drivers that raised water levels and streamflows
through the region.

Hancock and Wautoma precipitation has been increasing continuously since the late 1940s, but a
similar increase stagnated in the 1980s in the Stevens Point vicinity. As a result, the southern central
sands as exemplified by Hancock and Wautoma have been receivingra8 annual precipitation than
has the Stevens Point vicinity. The drought index20092011 was near normab /ery moist.

Discharges in reference streams, which were below average ir2Q0®3Fegan increasing in 2008, and
exceededhe 90 percentile in 2011. Similarly, groundwater levels that were somewhat low at Amherst
Junctionand average at Wautoma rose to 72 pereeatil 91 percentiles of record.

Precipitation

Precipitation presentations from Kraft et al. (2010) were updated and are displayed in Figures
and2-2 for Stevens Point, Hancock, and Wautoma. While the St&®@nsand Hancock records were
virtually complete for the period, the record for Wautoma needed to be inferred t2@d&yising the
methods of Serbin and Kucharik (2009). Since&@ctual precipitation measurents are available for

Wautoma.

Precipitation summary, 2000 through 2011

Precipitationfrom 2000 through 200&asmostly average to abowerage foStevens Point,
Hancock, and Wautoma. Conditions2i0052008 wereslightly below average for Stevens Poartd
averagedo slightly aboe average foHancock and Wautomand in 2009 were about average for all
stations. Substantially wet conditions prevaile@®i0, 6.5 to 10.61 greater than average depending on
station, and Stevens Point experienced its third wettest year in iteBfegerd. Wet conditions
continued in 2011 for Stevens Point and Wautoma, by 2.2 arid, 3hibugh Hancock was average.
Precipitation excesses during 26231 were mostly comparable at surrounding stations (Necedah,

Mauston, Rendship, and WisconsiDells).

Trends

Precipitation has been increasing in the central sands over recent decades ZRicqamd2-3,
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WICCI 2011) possibly masking for a time the influence of irrigation on ground and surface waters (Kraft
et al. 2012). The precipitation increase is consistent with wetter conditions that prevailed over much of
the eastern US, including much of Wisconsinckem et al. (2008) describe the increase as a step change
that occurred in about 1970. Compared with 19400, precipitation is greater By7 in at Stevens

Point 2.2 in at Hancockand 2.8 in at Wautoma.

Figure2-2 suggests that the increasing ppéetion signal is more nuanced than a simple step
change. Precipitation has apparently been increasing continuously at Hancock and Wautoma since the
late 1940s, but the increase apparently stalls during the 1980s at Stevens Point. As a result of the
cortinuing increase at Hancock and Wautoma, these stations in the southern central sands have been
averaging @ in yr* moreprecipitation since than Stevens Point.

Drought Index

ThePalmer Drought Index is an indicator of climatic dryness based on paticipiand
temperature. Hence, it is an improvement on precipitation alone as an indicator of drought conditions, as
it contains an algorithm that uses temperature as a surrogate for evapotranspiration. Previously, we
concluded that the Palmer Droughtiéix indicated that central Wisconsin was moderately droughty to

very moist from 2000 through 2008. Years 2@0A1 ranged near normal to very moikiqure 24).

Discharges on Reference Streams

Long term annual dischargfor several area streamrovide context for current hydrologic
conditions. Displayed ifrigure 25 are the percentile rank of annual streamflows for four streams that
surround the central sandé/olf Riverat New London (191-2011), the EmbarrasRiver at Embarrass
(19202011 with ninemissing years)Waupaca River at Waupaca (191984 with 20 missing years, plus
20092011), and the Wisconsin River between Wisconsin Dells and Wisconsin Rapgtsto 2011 with
eight missing years). We term the Wisconsin River between WiscDedls and Wisconsin Rapids as
the ACentral Wisconsin River, o0 obtaining discharg
and Wisconsin Dells discharges. The Central Wisconsin River is new in this report, and replaces the
Wisconsin at Wisconsibells and at Wisconsin Rapids from our previous reports, which we found to be
heavily affected by drought in northern Wisconsin. We also left out Ten Mile Creek at Nekoosa, as it has

apparently become irrigation pumping affected.



Stevens Point Annual Precipitation 19322011

55
L 2
50 A
E 45 1 Average = 32n
540 -
8
2 35 - $
8 - |
& 30 - >
25 i L g
20 T T T T
1930 1950 1970 1990 2010
Year
Hancock Annual Precipitation 19302011
50
45 Average = 30.8n
E 40 7 4
c 35 -
S 1 A A % »
S 30 - U |
2
3 251 W 1
% 20 -
15 T T T T
1930 1950 1970 1990 2010
Year
50 Wautoma Annual Precipitation 19312011
45 1 Average = 31.3n
g 40 T Y
c 4
it 1 bl ga g M g
g 20 2 A A A /\ 2
AR R AR R IR
E 25 - L
20 -
15

1930

1950 1970 1990 2010
Year
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Stevens Point, Hancockand Wautoma.



Figure 2-3. Change in average annualVisconsin precipitation, 1950
2006. WICCI 2011.
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Figure 2-4. PalmerDrought Index graph for central Wisconsin ending November 2011,
produced by the Wisconsin Site Climatology Office (2011). Note thathe post2000 perioc
is not substantially droughty compared to the historical record.
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Figure 2-5. Percentile rank of streamflows by year, ending 2010. Connecting line is for the median
percentilerank. Significant dry periods (median of percentile ranks <10%) are highlighted by red
circles. "Central Wis" is the difference in Wisconsin River discharges between Wisconsin Rapids and
Wisconsin Dells.

Each station has problems when used to itfeicentral sands water stressed area. \Waié
Riverat New Londordrains a large basin somewhat removed to the northeast of the central sands, and is
likely to be affected by the ongoing drought ther&e EmbarrasRiver at Embarrass nearer, and
drains a smaller basin (384 sqg mi), but also is also likely recently drought affected. The Waupaca River at
Waupaca is near the water stressed area of the central sands, does not seem overly affected by irrigation
pumping at this time, but has a sparsmrd after 1962 and few recent observations until 2009. The
Central Wisconsin may be confounded by dam storage and release.

Previously, discharge data from these reference gauges were used to demansfreamtdow
flow periods (defined as percentilanks of 10% or lesahich amounts to aboutld year return
frequency) during the past ~ 90 yeansdinclude 19311934, 19481949, 19571959, 1964, 1977, and
1988. The 1930s discharges were the smallest of the record, andl9d8&ro0 1964 mark ahg period
when low flows were unusually common (6 of 17 yearég¢ars 2002004 were about average, while
20052007 were somewhat lowDischarges began increasing in 2008, and exceeded 90 percentile in

2011. The recent lower flows and rebounds to hiflbe/s generally follow the precipitation record.
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Groundwater Levels in Areas with Few High Capacity Wells

Four USGS monitoring wells located in areas with relatively few high capacity wells have been
used to provide a context for hydrologic conditionsler an assumed small pumping influence (Kraft et
al. 2010 2012). These are Amherst Junction (1858011 record, Nelsonville (195Go 1998, 2010 and
2011), Wild Rose (195® 1998, and Wautoma (1956 2011) (Figure 26).

R

o\

Water Depth (ft)

6 T T T T T T
1950 1960 1970 1980 1990 2000 2010
Year
—e— Ambherst Jct. —#— Nelsonville —a—Wild Rose Wautoma

Figure 2-6. Annual average depth to water in four long term USGS monitoring wells located in areas
with fewer high capacity wells. Water levels were adjusted so that 1969 values were zinodisplay
purposes
Central sandsrgundwater levels were at long term lowslBB8-9, mostlyrose througtabout
1974 and have since mostly fluctuated cyclically (Kraft et al. 2010, 2012). In more recent times, only the
records of Amherst Junction and Wautoma are available. DuringZX@) water levels at Amherst
Junction were somewhat low, 6 to 46 percentile, but were typical for Wautoma, 24 to 82 percentile.
Levels rose in 2011 for both Amherst Junction and Wautoma, to 72 percentile and 91 percentiles,
presumably connected to incredsrecipitation in the latter half of 2010 and through 2011.
ThoughAmherst Junction and Wautorage in areas with relatively few high capacity wells, they
are still somewhanfluencedby pumping. Groundwater flow modeling suggests that pumping may
lower water levels at these locations by 0.4 to 0.76 feet on avatageke (200) found thesomewhat
low water levels at Amherst Juncti@mllowing 2000 could not be explained by precipitation alone, and
could be consistent with a pumping effeldte revived Nelsonville well which has less pumping
influence than Amherst Junction, may prove to be a better reference location in the future as more data

accumulate.
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3. BASEFLOW DISCHARGES ON SELECT STREAMS - UPDATE

Baseflow dscharge measuremesmontinued at 31fo42 stream locationg=(gure3-1, Table3-1)
previously meaured by Kraft et al. (2010Discharges were measured montthisough the study period
except in February. Most of the 31 sites had discharge histories that predated Kra@iz.ar hirteen
were at or near current and former USGS daily discheitgsand eight were at USGS miscellaneous or
ispoto sites that had one or mancleingeght dSGE sitasa |
were gauged as part of the FPaolf project in 20052006 (Kraft et al. 2008)Table 31). Data for
locations with both UWSP and USGS histories are summarized and compared in-Zakler3plete
data are included with this report as electronic media in a spreadsheet &@tittech Cerral WI. Rivers
thru Sept. 2012 x |. Datadcollected through December 2011 by UW®Regent to USGS tbe

archived in their database.
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Figure 3-1. Discharge measurement sites from Kraft et al. 201@ost of which were continued for
this study.

14
























































































































































































































